Background: Motorized traffic may discourage people walking. This study analyses the influence of motorization on pedestrian mobility in the neighbourhoods of a European city, controlling for environmental, sociodemographic, mobility and road safety characteristics of the neighbourhood in which each trip was made. Methods: Cross-sectional ecological study using the 38 neighbourhoods of Barcelona as the unit of analysis. Mobility information was obtained from the 2006 Daily Mobility Survey. Walking rates were calculated for 32.343 men and women who made walking trips, per 1000 men and women who made trips in the 38 neighbourhoods. Data were aggregated to calculate the total number of motorized trips made in each neighbourhood. coefficients and their confidence intervals were calculated using Poisson regression, in order to study the relationship between walking and motorization, in the different tertiles of motorization and adjusting for contextual factors and their corresponding interactions with motorization. Results: Levels of motorization in the neighbourhood negatively influence walking, even when environmental variables of the neighbourhood are considered. In men we observe a gradient whereby walking rates fall as motorization rises ( = À0.248; P < 0.001 and = À0.363; P < 0.001 in the second and third quartiles of motorization, respectively). In the case of women we find that only high levels of motorization have a negative influence on the rates of women who walk. ( = À0.256; P < 0.001). Conclusion: Motorized traffic discourages people walking. Motorization is a modifiable environment-related factor which should be taken into account when designing policies to promote safe active travel.
Introduction

W
alking as a means of transport is a physical activity of moderate intensity, accessible to the majority of the population, and easily integrated into daily life. 1 It has become accepted in recent years that policies promoting safe active travel could play a key role in the control of obesity and chronic diseases deriving from sedentarism and lack of physical activity, as well as in reducing traffic injuries and pollution due to motor vehicles. 2 Importantly, promoting active travel, along with the use of public transport, has emerged as the combination of policies for the reduction of greenhouse gases emissions that delivers the greatest health cobenefits. 3, 4 However, despite these important potential benefits for health, environment, quality of urban life and society at large active travel is not yet considered a priority in urban and transport policies in most cities. Strategies, programmes and tools that facilitate the study and quantification of health benefits derived from active travel has been developed [5] [6] [7] ; however, it is still difficult to find data that permit a description of the mobility of pedestrians, not only in Spain but also in other European countries, or that permit studying possible factors, whether individual or contextual, that determine the use of walking as a means of transport. 8 The choice of walking is mainly determined by convenience factors such as the distance and time, however both individual characteristics of a person making the trip and characteristics of the setting in which they move have been shown to be important regarding the means of transport chosen. It has been reported that factors such as gender, age or social class influence a person's mobility. [9] [10] [11] [12] Similarly, in recent years, the study of the influence of factors such as the environment has gained importance. Numerous studies have reported that factors such as urban sprawl, residential density or land-used mix are all key factors for understanding pedestrian mobility. 13 However, most such studies have not taken into account the deterrent effect that high level of motorization may have on the willingness of individuals to choose walking as a transport means. Gaining a better understanding of this possible 'barrier effect' is of relevance in the design and implementation of effective interventions to support the choice of active transport.
A review by Jacobsen et al. in 2009 14 mentions that there is little evidence on this issue. That study argues that negative perceptions of traffic reduce levels of walking. The articles cited by Jacobsen et al. describe different behaviours which show the impact of motorization: 14% of people run on pedestrian crossings instead of walking, 15 one pedestrian of every two avoids non-indicated pedestrian crossings, 16 open-air activities are less common in streets with higher traffic levels. 17 However, none of these articles made use of direct mobility data, whether about pedestrians or motorized vehicles, so that their conclusions are based on perceptions.
Given that, in our case, we have data about motorization and pedestrian mobility obtained through a travel survey, the objective of the present study was to investigate, using empirical data, the influence of traffic on pedestrian mobility levels. We aimed to analyse the influence of motorization on pedestrian mobility in the neighbourhoods of Barcelona, controlling for environmental, sociodemographic, mobility and road safety characteristics of the neighbourhood in which each trip was made.
Methods
Design, information source and study population This is a cross-sectional ecological study, using the 38 neighbourhoods of Barcelona, Spain as the unit of analysis. 
Data collection methods
The EMQ 2006 employed a computer-assisted telephone interviewing technique to interview a representative sample of the population of Catalonia, a region with approximately 7 million inhabitants situated in the north-east of Spain. Data were collected using multistage stratified sampling covering the whole of Catalonia. The basic geographical areas of the sample were transport zones. Data were collected in each of these transport zones, first selecting municipalities, and then individuals, using simple random sampling, and applying corrections based on the population age and sex distribution in each zone, in order to avoid over-representation of less mobile individuals.
Variables
The 'dependent variable' used was the number of persons who walked on a working day in each neighbourhood of Barcelona. In this context, 'walked' means the subject made at least one trip on foot on the working day referred to in the survey. We calculated the rates of men and women who made walking trips on a working day, per 1000 individuals who made trips that same day regardless of the means of transport used, in each neighbourhood of Barcelona ( Table 4) .
The explanatory variable of interest was motorization rate, defined as the ratio of the number of motorized trips with origin or destination in a given neighbourhood, per 1000 trips undertaken in the neighbourhood on a working day. Models were adjusted by 'sociodemographic' variables, and variables related to the 'environment', 'road safety' and 'mobility characteristics' in the neighbourhood where the trip was undertaken (Table 4) .
Statistical analysis
Rates (and their 95% confidence intervals [CIs]) were calculated for men and women who made walking trips, per 1000 men and women who made trips in the 38 neighbourhoods. These neighbourhood rates of men and women who walked, and the corresponding neighbourhood rates of motorization, were displayed on quartile maps for all the neighbourhoods of Barcelona. The relationships between walking and the various adjustment variables were assessed using either Pearson correlations or Spearman correlations, depending on normality distribution of the variables. We investigated the relationship between walking and motorization through Spearman correlation coefficients. Motorization was stratified by tertiles and adjustment variables were categorized (as greater than the median, or less than or equal to it). Relative risks (RRs) and their CIs (95%) were calculated using Poisson regression models in order to determine, on the one hand, the relationship between motorization and walking for each level of the adjustment variables, and on the other hand, the relationship between the various adjustment variables and walking in the different tertiles of motorization. Finally, we studied the relationship between walking and motorization, adjusting for contextual factors and their corresponding interactions with motorization, using coefficients and their CIs of Poisson regression models.
Results
Rates of men and women who walked
The overall rate of people who made walking trips in some neighbourhood of Barcelona was 462.0 [430.1-493.1] per 1000 persons who made trips, ranging from 260.2 in the neighbourhood with least walking trips to 612.6 in that with the most. In Barcelona, more women walk in Barcelona than men, the rates being 521. 
Influence of environment-related factors on levels of walking
The rate of people who walk is related with 'environmental factors' of the neighbourhood where the trips are made. In the case of men, the rate is positively correlated with the population density, linear metres of streets, number of bicycle stands and bus stops per hectare, with the number of intersections per hectare and with the percentage of properties dedicated to housing; and negatively correlated with total neighbourhood surface area and square metres of green areas per inhabitant. In the case of women, the rate is positively correlated with population density, linear metres of streets, number of busstops and metro stations per hectare and with the percentage of properties dedicated to housing; and negatively correlated with total neighbourhood surface area (table 1) .
The 'sociodemographic characteristics of residents' in the neighbourhood where a person travels on foot are also correlated with levels of walking. The average age of residents, the ageing index, the loneliness index and the percentage of retired people are positively correlated with the rates of men and women who walked, whereas the neighbourhood activity index was only positively correlated with the rate of women who walked. No relationships were found between the rates of men or women who walked and the percentage of handicapped people, employment rate, low education rate, nor the rate of university graduates (table 1) .
Rates of people who walked were also related with 'road safety' of the neighbourhood where trips are made. The rate of men who walk in each neighbourhood is negatively correlated with the total rate of injuries per 10 000 trips made. The rate of women who walk is negatively correlated with the total rate of injuries as well as with the rate of pedestrian injuries per 10 000 trips made on foot (table 1) .
Finally, 'sociodemographic characteristics of people walking' in each neighbourhood are correlated with rates of men and women who walk. The rates in both men and in women are positively related with the percentage of people aged over 65 years and the percentage of women with no education who travel in the neighbourhood, and negatively with the percentages of employed persons, and of people with a vehicle who travel in the neighbourhood (table 1).
Impact of neighbourhood motorization level on walking levels
Motorization rate in the neighbourhood where trips are made is negatively correlated with both the rate of men who walk (Pearson correlation coefficient = À0.78; P < 0.01) and of women who walk (Pearson correlation coefficient = À0.68; P < 0.01), being neighbourhoods with greater motorization the ones presenting lower walking levels ( figure 1) . The relationship between motorization and each level of the adjustment variables shows that the rates of men and of women who walk both fall as the degree of motorization of the neighbourhood involved increases, for all levels of the remaining environmental variables related with motorization (population density, percentage of houses, number of bus stops and bicycle stands per hectare, number of intersections per hectare, total rate of injuries per 10 000 trips made, ageing index, percentage of people aged over 65 years, percentage of women with no education, number of people using cars to travel within their neighbourhood). In contrast, the relationship between the rates of people who walk and certain adjustment variables are modified depending on rates of motorization of the neighbourhood where the trips are made. One example is that the rate of men who walk increases with an increasing number of bus stops per hectare in the neighbourhood where the trips take place, and this happens in neighbourhoods with low motorization (RR = 1.02; P < 0.001) as well as in those with high motorization (RR = 1.26; P < 0.001), however, it falls in those with medium rates of motorization (RR = 0.96; P < 0.001) (table 2) .
Finally, the Poisson regression model shows that motorization has a negative influence on the rates of men and women who walk. In the model with all remaining environmental variables, we may observe a gradient in men whereby walking rates fall as motorization rises ( = À0.248; P < 0.001 and = À0.363; P < 0.001 in the second and third tertiles of motorization, respectively). In the case of women we find that only high levels of motorization have a negative influence on the rates of women who walk ( = À0.256; P < 0.001) (table 3).
Discussion
Main findings
The present study confirms with empirical data that levels of motorization in the neighbourhood where trips are made negatively influences walking levels, even when we adjust for other environmental variables related with motorization and mobility. This fact confirms the hypothesis suggested by studies based on perceptions, and reinforces the idea that comparatively higher levels of motorization can have a considerable negative impact on pedestrian mobility, and consequently on the health of the population. Being a modifiable environment-related factor 14 makes it an important issue to be taken into account when designing policies to promote active travel.
Strengths and limitations
As a principal strength of the study we would like to highlight the fact of our having access to empirical mobility data derived from an exhaustive survey. The EMQ 2006 allows us to quantify motorized trips made in each of Barcelona's neighbourhoods, as well as the number of people who make trips on foot in each neighbourhood. This permits the study of the impact of motorization levels on walking using data on mobility and it provides an opportunity to test hypotheses derived from studies based on perceptions. It may also guide targeted interventions at areas where higher level of motorization is negatively correlated with lower levels of walking.
The EMQ 2006 collected data on origin, destination and travel time of all trips made using whatever form of transport, as well as the sociodemographic characteristics of the individuals making these trips. Therefore, given its exhaustiveness, it allows on the one hand to quantify trips on foot of under 5 min duration which usually are excluded despite being fundamental in the study of pedestrian mobility; and on the other hand it allows us to precisely quantify trips occurring in the neighbourhood, independently of whether they are made by residents of that neighbourhood or not.
As limitations, it should be noted that only the origin and destination of each trip it is known, and therefore both levels of motorization and trips made on foot are underestimated in neighbourhoods which do not get trips assigned to them because the traveller only passes through them. For the same reason, in trips involving the use of more than one mode of transport, we have assigned the first mode used to the whole trip. However, it must Q1, least motorization; Q3, highest motorization a: Model includes density, %housing, bus stops, bicycle stops, intersections, pedestrian injury rate, over-ageing index, %men over 65 years, % women over 65 years and their interactions. **P < 0.001. be pointed out that trips of this type only account for 5% of all trips made on a typical working day in Catalonia.
Rate of MEN walking
Comparison with other studies
We have not found any other work investigating the relationship between motorization levels and pedestrian mobility based on data obtained through a travel survey. However, there are other studies which have tried to investigate this relationship through approximations derived from pedestrian's perceptions. These studies have centred on, on one the hand, perceptions of safety or of safetyrelated infrastructures (traffic lights, pedestrian crossings . . .) and on the other hand, perceptions of traffic volume.
All the other studies identified have obtained findings similar to ours. Those based on perceptions about safety have mainly focussed on active travel among children and/or teenagers. Numerous articles show how in these cases parents' perceptions of safety have a negative impact on the time spent walking. [18] [19] [20] . A study by Carver et al. 21, 22 attempted to show that the presence of environmental elements to make walking safer was associated with higher levels of walking in teenagers. That study reveals that girls residing in neighbourhoods with many traffic lights walk more. Moreover, although they did not obtain significant findings for walking in teenage boys, they did find that those living in a cul-de-sac, that is, with no through-traffic, spend more time on physical activity. We have only identified one study involving elderly (65-74 years), and again they found a correlation among men only between the perception of safety on the streets and walking levels. 23 Regarding the impact of perceived traffic volume, it has been shown that the probability of walking regularly is lower in neighbourhoods where the traffic is perceived as intense compared with those where it is perceived as moderate. 24 However, this study was conducted in a rural setting and hence not really comparable to ours. In studying trips made for specific reasons, such as going shopping on foot, it has been reported that a perception of less traffic is related to higher levels of walking. 25 Finally, we would like to mention a study in adults aged 20-69 years, which reports that a perception of less traffic noise is related with higher levels of walking to work. 26 The results obtained in our study with regard to the relationship between walking and the environmental variables studied are in agreement with previous reports in the literature [27] [28] [29] [30] [31] [32] [33] : neighbourhoods with higher population density, 30 or with more bus stops, bicycle stands, metro stations or more intersections (i.e. greater connectivity) are related with higher walking levels, 31, 32 whereas those with greater dispersion or surface area are related with lower levels of walking. 33 Similarly, we find a certain degree of coherence with current evidence when we observe that more accidents involving pedestrians in a neighbourhood is related with lower walking levels in that neighbourhood. 34 Finally, despite having used aggregated data in our study, the fact that those neighbourhoods with higher proportions of unemployed or retired people, or those where higher proportions of unemployed or retired people make trips on foot, are precisely the ones presenting the highest rates of walking, something which is coherent with reports in the literature, according to which elderly and unemployed people tend to walk more. 35 
Conclusions and implications
This study has allowed for the first time to test the hypothesis, to date based only on investigation of perceptions, that motorization levels in a neighbourhood have a negative influence on walking levels in that neighbourhood. Using data derived from a mobility survey, motorization rate has been found to be a factor which has a negative impact on walking, even after adjusting for the other variables which have been related with walking and motorization rates.
The majority of interventions implemented to promote active travel have been mainly aimed at modification or improvement of related infrastructures. The fact that motorization is a modifiable environmental factor makes it an important aspect to take into account in designing future policies favouring active travel. 14 Those measures focused on traffic calming or on reducing vehicle use have proven effective in reducing noise levels, contamination 36 and traffic injuries, 37 but it must also be taken into account in the future that they may additionally be fundamental in promoting walking as a form of transport.
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